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(57) Abstract 

A thermoelectric semiconductor material 
having sufficient strength and performance and 
high production yield. The thermoelectric 
semiconductor material is charcterized in that a 
sintered powder material of a thermoelectric 
semiconductor having a rhombohedral structure 
(or hexagonal structure) is hot-forged and 
plastically deformed to direct either the crystals 
of the sintered powder structure or the 
quasi-crystals constructing the crystals in a 
crystal orientation having an excellent 
performance index. 
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fcj&*£-r h 1 4tt, Ell 6(C^f«t ^tc. JS£ #6 0mm, 4B^ 

4 0mm, S3££tL'5;frf£lC0:g:£^4 0 mm<D ^ GQT-£> o 7t„ 
l^tfc^^a'yhU^ l ED, 2 0, 3 0<b*ftP3£g^3C<h»cJ:9, 

JEEifiSittil/2(::fr9, m2[e]Bt0^it{c«t •? s ffiflgltl* l /8 lc/.£ , 

*<d*&, ^(D&mmw&cD&mj 7^= ; ve^i^t4 o o° 
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$9 





1 


2 


3 


ff fi J± 


1/5 


1/8 


1/1 6 


itSfc (nnQ/cm) 


1.1 


0. 9 5 


0. 84 


•b'-^ y^Stt foV/deg) 


21 7 


207 


200 


(mW/cmdeg) 


1 3. 3 


1 4 


14. 2 i 


titelSSJc (X10-Vdeg) 


3. 2 


3. 2 2 


3. 35 




1. 38 


1. 57 


1. 70 



^$ixflft1i:<4^f6]± 3 . 2*><b3. 22--. 3. 2 2 ;!>><b 3 . 35 

#3llS0"'jT'li, ffij£l,tim2<DniMMbmcmi&.<DB i 2 Te 2 . rS eo. 3o (On 
MHftm^#&, ¥i$*iS4 0 At m-C'*&?&U .^thtt1)QH=t) 750kg/cm 5 
■C**y h/U^L-C^^Jitfc. *y h/U^li4 0 0° C, 4 5 0° C, 

5 0 0° C, 5 5 0° C<0 4&{4^^J£iSJgT*?7ofc„ 

^o^fi, 35 2<^J&0iJ<!:|5m?lc:, 0 9 K^r— tt*-|6j<a*a SSI$-tt5t 
t:^tl:<toT. 4 5 0° CCtfiff^lOOkg/cra 2 —4 5 0 kg 
/cm* "C^OJE L tz. a 

^rO&, Z<r>mm®.<r>mm<<i<'=ty 4 0 0° Ct\ 2 4 it 7^=* 

ro^^ntcigi^f hot^ (3c* r*— s^&j ) <b^^h^ 

° C, 4 5 0° C, 5 0 0° C\ 5 5 0° CrtlC, 1 3, 14. 15. 1 

6 tc^-r 0 
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£l 3 









]±«Ja (mQ/cm) 


1. 93 


1. 62 




-236 


-235 


(mW/cmdeg) 


1 3. 8 


14. 1 


tttetS» (XlO-Vdeg) 


2. 09 


2. 58 




1. 87 


2. 38 




98. 4 


99. 6 



an 4 









idgjit (mQ/cm) 


1. 85 


1. 52 


-fcf-^^SSfc (nV/deg) 


-237 


-235 


<mW/cmdeg) 


1 4 


14. 1 


ttl&tSc CxiO-Vdeg) 


2. 1 7 


2. 5 8 




1. 87 


2. 38 


S g it (%) 


98. 5 


99. 9 



3tl 5 









itlfita (mQ/cm) 


1. 79 


1. 48 


•tr-'S^bSa OiV/deg) 


-238 


-235 


t&mmm GnW/cmdeg) 


1 4 


14. 2 


ttllUStt 0<10-Vdeg) 


2. 2 6 


2. 6 5 




1. 83 


2. 4 9 


ffi g tt (%) 


99. 5 


9 9. 2 
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7u*s 


*-vfl 


tWfttt (mQcm) 


1. 86 


1. 57 


-fe'-^^St OiV/deg) 


-2 3 9 


-232 


S*fia^ (mW/cmdeg) 


1 3. 9 


1 4. 1 


o<io- 3 /deg) 


2. 1 9 


2. 4 3 


gtt<DJl:>i1*fe]t 


1. 34 


2. 2 5 


Eg g it (%) 


99. 6 


9 9. 1 



=*V h (^&S4 0 0 4 C, 4 5 0° C(D^) (i, JttM-f*.r*»5feiStffc 
tie J; 9SBflCJt*sai< *ot^5«W5 (^i&g4 0 0 4 COi^ 

I*, 9 8. 4%JJ»e>9 9. 6%»C|6]Ji, ^Sg4 5 0° Ctf>^li, 9 8. 5 
9 9. 9%\Zfa±) o 

v=^y K^^fr (&*£i&g#=#) IC7i^>^e-ric, IMSlt^-^il^tTfc 

y hO*gJ5t<^;fri£itl2 1 . 3 4) „ Z<DtHb. Z. <D J; o tet&tt(D&j7&tttf1& 

<Z> (1. 3 4*»<b2.' 2 5lCfa_L) , mMtt&aKfigtoWg*' 

y h©tttt©H*ttitiMIV») fc»»ctt!Blg*t Ltlite<^TL*3 (2. 

h Ottfigfg&fi 2 . 4 3 (fl&SSf Vsfy b<Dt&fc<nmJji±tttt 1 . 3 4) "Cfo 9 , 
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&<DmiT&ittel. 8 3) K&-<-C&< fco-CV^o 

• ^ 8 co^Jte-eaj 

^^jEera*. m'&^tzmi<Dnmmtimtm.j$.<DB i *t ,s eo. ><> v>n 
mmm.^m-ftWft* . mi^niiS^j, s^o^iiS^fiii-oMa; (^^so 

0° C, ^7 5 0 kg/cm' ) -C*WS$-l*:fc. :Ht'4bhf:M^ 
A><b, M 2 W^tf! t leltlSl^ (©£) ^3 0mm, I8tf4 0mm« 11^ 

*L5;frftcDS£^ 1 8mm(0^y^y h 2 "9 ttS LT. -tJx-etUCO^ 

SSii£-tir<5-r;tr^g$rffli\ 4 5 0° C{CT^K^Ufc 0 

xniiu&.zmmmttzm&au h-mzmt (mm . mm&.t>mt mm) 
mzisixtLm* immffite'ik 3 1 5 ^mmmmm.^) **h. $e>jc^sjE^^4 

50 kg/cm 2 *T*Ji#$-li:^5B#ra*aE$r^$-fr5J:9tCL, ®MTM<»'& 

—3d. H.19li, 2 0(0t^y3'y h(D9<bt^«^^^7 htol^T 
018, Ull 9 * <bl^ Vtfmm&.tite'Z 5 0k g/cm 2 £ Lfc 

nil aiZTfk-tmmxMX'^hixtim^^^y b&m.&-rzt. &mm* mm 
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3c 1 7li, fa 2 0 iZTF-rmm-C zs=fy b 1 4 04 3 '6SBC^^JHjS^riS)D^)#gE 

an 7 



OSES (mm) 


(mQcm) 


fcV/deg) 


mmt 

(%) 




XI 0~ s frv/cmK 2 ) 


2 


0.948 


-19 5 


9 8.8 


2. 4 9 


3. 99 


6 


0. 9 6 1 


-19 5 


9 8.8 


2. 3 5 


3. 9 4 


1 0 


j 0.9 78 


-1 94 


9 9.4 


2. 2 4 


3. 83 


1 4 


0.969 


-1 92 


9 9. 1 


2. 3 0 


3. 82 


1 8 


0.971 


-191 


9 9. 1 


2. 2 5 


3. 75 


22 


0.989 


-1 90 


9 9.2 


2. 0 9 


3. 6 6 | 


26 


1.002 


-1 90 


9 9. 1 


1.98 


3. 60 


30 


1.073 


-1 88 


98.8 


1.66 


3. 28 


34 


1.1 94 


-1 86 


99. J 


1.28 


2. 90 
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* 



&i 8 



(02§S8 (mm) 


(mQcm) 


faV/deg) 


mmt 

(%) 


strait 


X10~ 5 (w/cmK 2 ) 


2 


0. 993 


-1 95 


9 7.7 


2.34 


3.82 


6 


0. 992 


-1 93 


9 7.6 


2.31 


3.7 7 


1 0 


1.005 


-19 3 


9 7.4 


2.2 3 


3.70 


1 4 


1.026 


-1 92 


9 7.0 


2. 1 2 


3.59 


1 8 


1.023 


-1 90 


9 7.2 


2.06 


3.54 


22 


1.122 


-188 


9 6.5 


1.85 


3. 1 6 



*g* s ft -h U T t > ^ tf> ri* fc> Z> „ 



1 8(7)18^ hX'li. mi 7 (ntiCDizm^XtiSfettfci&^W&tofaZ). t£. 
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t>b-T. &ift^riS*:#<&oTl>5<7>li (0. 9 4 8(C*tLT0. 99 3) , ^ 
mit&mi 7td|ft-<-Ci£TL-Ct^5/c«> (9 8. 8K2*LT9 7. 7) T'fc* t 
^Z-bti2>„ s<7 — 77 7\Z.&^X{&TLX\,^Z><D*> (3. 9 9K*f 

UT3. 8 2) „ l?l«HcS;^it<o{gT^WCJ:5'b<7)<i:%x:P>ix^o -YV=fy 

-t-B"C*>9» 13 3 lltKW-fV^ h 1 4*5, (lffi(OjiTfe^<^PlZ:$ih*-|^-CS 
Jg*si«]^:$ixTV>^^i£:^i-|ll-Cfc-5 0 H3 0» 3l<£> (a) E!li-r;L 
gO_hffiEL 030. 3 1 <r> (b) li-rXw^-l$tl(7)ffii]®iaT'fc5o 



35 



WO 98/11612 PCT/JP97/03263 

y h 1 4 Srl&BBfiMfclilc-t-*. o^^>®«ij|XSt?li, El 3 l «fc o \z. 4 o 

9*sSEi6$n. r*L<b 4 ocott'JIg 1 9IcJ;-pT^-0^-> h 1 4 <0 ~ 
•A*l6l«>iASjffi*siaJh$tLfc«ltlS-C» 1 QfrnTfiT&£thZ> 0 Z ? LT 

^itxmom^x-esjgj^$rP£ji-i-^^j£0ijti^^fc. mm-o^'-y bnm&tt 

£9 7%«±lCfcot^< ^t^T'^. &n.Vm&fo±£l£ZZ£7!>iX'ZZ> a 
• M 9 <?>3?;&S#] 

_Li£ (2) T'^fcgAm^Srf6l±$-fr-5Ci:^-C$2)aif*»0X«a^ 
W«5ffl, -LIE (3) T^yt^mte^^(^±^^^^<t^-C*^-5SI«yjflXWS<7) 
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3 0 mm, 4B* s 4 0mm, ®5i $ix5^fS)<DS$^ 1 8 mmOg&jt^ ls=f y y £• 
9 



3fe ft 


fC) 


(K«/cm 2 ) 


(mm/sec) 


1 


450 


250 


2.08X10 -4 


2 


450 


1 25 


1.42 X10 -4 


3 


450 


350 


4.99X10 -3 


4 


400 


250 


1.87 X10 -4 


5 


500 


1 25 


1.31 XI 0" 3 


6 


500 


250 


1.4 4 XI 0 -2 


7 


500 


350 


4.44X10 -2 



<£>«fe it fit £ ia* L fc t <T> X $> 5 o 
$2 0 



£ ft 


(mQcm) 


OiV/deg) 




A7-77^^ 
X1 0" s frv/cmK 2 ) 


1 


1.200 


-2 0 0 


1.70 


3. 3 3 


2 


1.200 


-2 0 0 


1.70 


3. 2 2 


3 


1.238 


-204- 


1.74 


3. 36 


4 


1.250 


-19 8 


1.72 


3.2 2 


5 


1.250 


-19 8 


1.72 


3.2 2 


6 


1.303 


-20 3 


1.73 


3. 1 7 | 


7 


1.238 


-204 


1.74 


3. 3 6 
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iD2if*. &n 3 <Dm^<nm&T.m*(D#T&j£?j&it mm) . .Y^yhas 

&<t mm) s jzszt-y hmz&it mm) ^lt^jo, 1212 ^#50 
^^^itx^^o^flE^^t » *=fv hmtsmt mm) 

mmiimt mm) . -c^^'y h&zmt mm) ^ltv^„ 

0 2 5A»6^tJ^ 0 

s &• £ d $ it # v k h ^sn t^jt -r 5 &m a* *> 5 . 

TI5^2 l~f<2 7H ±ie«-^l-^#7T-^itLfc^C^it^ V=f-> h 
<D^M £ jj* U <£> T *> 5 „ 
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&2 1 





unUcrrv 




ffiKJt 


mm j in i i 


x10 -5 (w/cmK 2 ) 


2 


0 974 


A. SJ \J 


w O. O 




4. I ^ 


6 


0.9 84 


-201 


9 9.2 


2.28 


4.09 


1 0 


! 0.990 


-201 


9 8.8 


2.28 


4.08 


1 4 


0. 993 


-200 


9 9.2 


2. 28 


4.05 


1 8 


1.003 


-1 99 


9 8.8 


2. 1 9 


3.96 


22 


0.9 94 


-1 98 


98.8 


2. 1 5 


3.95 


26 


1.008 


-1 98 


9 8.9 


2. 1 1 


3.89 


30 


1.038 


-1 97 


98. 7 


2.00 


3.73 


34 


1.068 


-1 95 


9 8.4 


1.81 


3.5 7 


38 


1.086 


-1 94 


98.7 1 


1. 66 


3.4 7 



S2 2 



(DffiJS (mm) 


GnQcm) 


(jtV/deg) 


mmtt 

{%) 




x10- s (w/cmK 2 ) 


2 


1.046 


-1 93 


9 8. 8 


2.3 8 


3.6 3 


6 


1.044 


-1 99 


99. 2 


2.4 6 


3. 7 8 


1 0 


1.058 


-1 98 


98.8 


2.41 


3. 71 


1 4 


1.073 


-1 98 


9 9. 2 


2.34 


3. 6 4 


1 8 


1.068 


-197 


9 8.8 


2.3 2 


3. 6 2 


22 


1.079 


-1 94 


9 8.8 


2.21 


3.4 9 


26 


1. 1 20 


-1 92 


9 8.9 


2. 1 0 


3. 2 9 
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B2 3 



©SJS (mm) 


(mi} cm) 


OiV/deg) 


BBStfc 

(%) 




xlO -5 fa/cmK 2 ) 


2 


1.223 


-202.6 


9 9.6 


2.04 


3.3 9 


6 


1.085 


-202.6 


99.3 


2.31 


3.7 9 


1 0 


1.235 


-201.2 


9 9.5 


1.73 


3.2 8 


1 4 


1.1 89 


-200.8 


9 9. 3 


1.89 


3. 3 9 


18 


1.224 


-201.7 


99.4 


1.93 


3.3 2 


22 


1.326 


-200.0 


98.9 


1.67 


3.02 


26 


1.291 


- 1 9 8. 6 


99.2 


1.48 


3.09 


30 


1.468 


- 1 9 8. 3 


98.3 


1.32 


2.6 9 



£24 



<OWM (mm) 


(jftiQcm) 


OiV/deg) j 


ffiffit 

(%) 


&Ja^0 


x10- s frv/cmK 2 ) 


2 


1. 1 24 


-1 9 7.2 


9 9.5 


1.98 


3.4 6 


I 6 


1.081 


- 1 9 7. 0 


9 9.5 


2.01 


3.5 9 


10 


1.111 


- 1 9 5. 5 


9 9.4 


2.0 0 


3.4 5 


1 4 


1.095 


-1 95.6 


9 9.5 


2.01 


3.4 9 


18 


1.419 


-1 91.5 


9 7.4 


1.39 


2.5 9 


22 


1.425 


-1 90.7 


9 7.6 


1.08 


2.5 5 


26 


1.593 


-1 90.6 


9 4.9 


1.09 


2.2 9 


30 


2.027 


-1 89.0 


98. 1 


0. 6 6 


1.76 
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B2 5 



(D&1&. (mm) 


(mQcm) 


OiV/deg) 


(%) 




xlO-Sfar/cmK 2 ) 


2 


1.063 


-205 


9 9.0 


2.31 


3.94 


6 


1.079 


-204 


98.3 


2. 31 


3.86 


1 0 


1.085 


-204 


9 8.3 


2. 3 0 


3.83 


1 4 


1.086 


-202 


9 8.2 


2. 2 8 


3.7 7 


1 8 


1.078 


-201 


9 7.4 


2.28 


3.7 6 | 


22 


1.080 


-200 


9 6.4 


2.2 2 


3.6 9 


26 


1.092 


-1 97 


9 5. 7 


2. 1 7 


3.56 


30 


1. 1 35 


-1 96 


95.0 


2.08 


3. 3 9 | 



m.2 6 



<D2§J8I (mm) 


ts.tn.rn 

(mQcm) 


OiV/deg) 


maat 

(%) 


tmm<o 


xlO-Sfa/cmK 2 ) 


2 


1.05 1 


-204 


9 9.5 


2.4 5 


3. 95 


6 


1.077 


-203 


9 8. 9 


2.4 2 


3.8 3 


1 0 


1.086 


-203 


9 9.2 


2.2 9 


3.8 3 


1 4 


1.115 


-202 


9 9.2 


2.2 6 


3.6 7 


1 8 


1.101 


-203 


9 9.5 


2.2 0 


3.75 | 


22 


1.118 


-203 


9 9. 1 


2.1 6 


3.6 8 


26 


1. 132 


-202 


9 8.6 


2. 1 0 


3.5 9 


30 


1.17 3 


-199 


9 8.0 


1.93 


3.3 8 
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&2 7 



<D&& (mm) 


(mQcm) 


OiV/deg) 


mmt 

(%) 




x10 _5 (w/cmK 2 ) 


2 


1. 166 


-203 


9 9.7 


2. 1 5 


3.5 3 


6 


1. 1 89 


-202 


9 9.6 


2. 1 4 


3.44 


1 0 


1. 1 80 


-202 


9 9.2 


2.00 


3.4 6 


1 4 


1.241 


-201 


99.0 


1.S2 


3.26 


1 8 


1.744 


-1 98 


99. 1 


0. 7 7 


2.2 5 


22 


1.945 


-196 


99.4 


0.8 7 


1.98 


26 


1.828 


-1 98 


9 9.0 


0. 7 2 


2.1 5 


30 


1.857 


-197 


9 9.2 


0. 81 


2.0 9 



^#i~7«i> 4oo° ct-2 4mr%f&wm*rroz. tx~ 

0 75>e> 2. 3 8iZ.&tfZ<omft&tt&JzZ < /f^TV^. 

2 G9*§'£\ >T y=fy h'P'C^'b 2 mm<7)8(W&-C3 . 2 2rt»<b3. 6 3 M 



42 



WO 98/11612 



PCT/JP97/03263 



■l6j«)5k»* s *?>Jx/jCV><oas % 3t2 0 £^2 3<75it€5E^, $20iS2 7 <D it t& 

SfiOfig (3. 53) «fc «P t*£</j; 0 -ci^<£>ti\ gatW^V H>i^f,6m 
m<7>g&# (3. 7 9) £il*T*>5.' 
Cl<z>-<ttt, JbiBL/c J: £*&tt£JB£S£-C (IH2 l, 

±3 50k g/cm 2 aT<OiSiaT**>5^<»:dJS*LV\ 

M2 1-0 2 51:^9 1;, *lt)feM-Ctt % hoi 
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»t**fc«>icw\ ^5ookg/cm' mx.tLtnmfummjjX'mi&'t v=f y k 

iSi$ i ! 3 0mm, «1>§* S 4 Omm. JgJ£ Six-S^fa?^^ 1 1 8 mm 

0>m&'(*=dy h^fJtljLT, @9l3t- ^*-|6]0^-i*Jgj^$-ti:5i-x.^ 

312 8 



* ft 


IMS. tx. 

CC) 


(Kg/cm 2 ) 


(mm/sec) 


8 


500 


1 50 


1.1 4X1 0" 3 


9 


500 


70 


3.04X1 0" 4 


1 0 


500 


150 


5.03X10 -3 | 


1 1 


450 


100 


2.2 6 XI 0" 4 


1 2 


520 


1 00 


6.4 7 XI 0" 3 



(D'r—VX'thZ* 
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9 





(rnQcm) 


OtV/deg) 




XI 0 -5 frv/cmK 2 ) 


8 


0.939 


196 


1.20 


4.09 


9 


0.9 39 


196 


1.20 


4.09 j 


1 0 


0.81 6 


1 85 


1.20 


4. 1 7 


1 1 


0.81 6 


185 


1.20 


4. 1 7 


1 2 


0.8 27 


1 85 


1.21 


4. 1 7 



mm Sr^L-Cfc'?, I212 7fi. 1 0 *>*§-2-<D^i£I^<D?*;B£E 

i o^o^itxm^^sn^^k ok*) , ^=*> b&zmt mm & 
^u-cfct). 02 911^ ifef*i 2(Dm^(ommTM^<Dmmm^it mm > 

bMZ&it mm 5r^ttv>5„ 
fc£;Ltf. h V 1 0 O^ldtt, HI 2 7 75><b#l <ba> 

h ^^JttM^^ Ufc k tf> -C -5 o 
$3 0 



£>ffiJ8 (mm) 


mm 

(rnQcm) 


OtV/deg) 


mmtt 

(%) 




x10~ 5 fa/cmK 2 ) 


2 


0.901 


200 


98. 6 


1.42 


4. 4 4 


6 


0.91 5 


200 


98. 5 


1.40 


4. 3 7 


1 0 


0.92 1 


1 98 


9 7.8 


1.3 9 


4.25 


1 4 


0.96 6 


200 


96. 7 


1.38 


4. 1 2 


18 


0. 9 34 


1 99 


9 7.6 


1.39 


4.2 5 


22 


1.221 


206 


9 2. 1 


1.26 


3.4 7 


26 


1.457 ; 


209 


86.6 


1.22 


3.01 
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£3 1 



(mm) 


(mQcm) 


GiV/deg) 


BEflOt 

{%) 




x10 -5 (w/cmK 2 ) 


2 


0.804 


191 


99.9 


1. 52 


4. 5 1 


6 


0.8 23 


191 


100.2 


1.43 


4.4 6 


1 0 


0.863 


191 


98.7 


1.28 


4.21 


1 4 


0.871 


1 92 


ioa7 


1.35 


4.2 5 


1 8 


0.91 1 


1 95 


98.0 


1.33 


4. 1 6 


22 


0.963 


1 95 


96. 1 


1.26 


3.9 5 


26 


1.072 


196 


9 5.2 


1. 1 6 


3.6 0 
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